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SENSOR INTERFACE CABLE 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention is directed to a cable for use in providing connections to sensors. 
More particularly, the invention provides an interface cable for connecting a sensor to a power 
source and for conveying an output from the sensor to a control device. 

2. Description of Related Prior Art 

Sensors are used for a variety of applications including sensing the presence or absence of 
articles and sensing a distance or proximity of an article to the sensor, such as may be required 
for' a process control application. . In particular, ultrasonic' sensors are widely used for numerous 
sensing applications for process control of production and packaging, operations. Such sensing 
applications include container presence/absence detection, container size detection, product level 
detection, container orientation detection, container counting operations, material web control, 
tamper/safety seal detection, surface coating detection, as well as many others. Typically, 
specification of sensors at particular locations on a production or process machine is an integral 
part of the control system design to enable the machine to operate as intended. 

Ultrasonic sensors require a power source and include a pair of power input connections 
for powering the sensor, and additionally include a pair of sensor output connections for 
providing an output to a controller for detecting the signal from the sensor. Further, the sensors 
are either configured to operate with an AC power source or a DC power source with a 
corresponding sensor output connection, where the output connection for the AC sensor is a 
switching output which is either normally open or normally closed, and the output connection for 
the DC sensor is either a current sourcing output on one of the output lines or a current sinking 
output on the other of the output lines. 

Production or process machines incorporating sensors are often designed with wiring for 
the sensors built into the structure of the machine to facilitate power connection to the sensor and 
to provide sensor output connections to a process controller. However, when an application 
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requires the use of DC sensors on a machine wired for AC sensors, or the provision of DC power 
from an AC source, it is necessary to convert the power supply and the sensor output to be 
compatible with the existing wiring. In the past, this has typically required installation of 
equipment, such as separately mounted equipment boxes, for providing conversion from AC 
5 power to DC power and for providing a conversion of the DC sensor output to make the output 
compatible with the AC sensor leads to be operative with the process controller wired to the- 
sensor leads. 

SUMMARY OF THE INVENTION 

10 An interface cable for providing a connection between an AC power source and a DC 

. sensor and for converting an output from the DC sensor to an output comparable to an output 
provided by an AC sensor for connection to controller configured for an AC sensor. The shroud 
portion is formed as a compact structure integral with first and second cable portions whereby the 
interface cable provides a readily installed interface for connecting a DC sensor to a machine 

15 configured for operation with an AC sensor. 

. In one aspect of the invention, an interface cable is provided which is adapted to connect 
to a sensor, the interface cable comprising: a unitary cable structure comprising first and second 
cable portions; the first cable portion comprising first power supply leads and first sensor' leads; 
the second cable portion comprising second power supply leads and at least one second sensor 

20 lead; a power convertor enveloped in a shroud formed integrally with the cable between the first 
and second cable portions; a sensor interface located in the shroud and forming a connection 
between the first sensor leads and the second sensor lead; the power convertor converting power 
input from the first power supply leads to a power form for powering a sensor; and the sensor 
convertor converting a sensor output provided through the second sensor lead to a different 

25 sensor output form for the first sensor leads. 

In another aspect of the invention, an interface cable is provided which is adapted to 
connect to a sensor, the interface cable comprising: an integrated power convertor; a sensor 
interface; an elongated shroud structure comprising a potting material encasing the integrated 
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power convenor and the sensor interface; a unitary cable structure comprising first and second 
cable portions integral with the elongated shroud structure; the first cable portion comprising first 
power supply leads and first sensor leads; the second cable portion comprising second power 
supply leads and at least one second sensor lead; the power convertor converting AC power input 
from the first power supply leads to a DC power form for powering a DC sensor; and the sensor 
convertor converting a sensor output provided through the second sensor lead to a different 
sensor output form for the first sensor leads. 

Other features and advantages of the invention will be apparent from the following 
description, the accompanying drawings and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of the interface cable of the present application; 

Fig. 2 is a side elevational view illustrating a process machine employing the interface 
cable of the present application; 

Fig. 3 is a schematic illustrating the power convertor and sensor interface circuits of the 
shroud portion of the interface cable; and 

Fig. 4 is a top plan view of the shroud portion of the interface cable with the overmold 
material illustrated in phantom lines to show the connection between the first and second cable 
portions and the shroud portion; 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Referring to Fig. 1 , the present application provides an interface cable 1 0 which is 
adapted to provide a connection between a sensor 12 and a power source and a process controller 
64 (Fig. 2), where power is provided by an AC power source 38 and the sensor 12 is a DC sensor 
such as, for example, an ultrasonic sensor sold under the SUPERPROX® name by Hyde Park 
Electronics LLC, of Dayton, Ohio. The interface cable 10 comprises a first cable portion 14, a 
second cable portion 16 and an interface portion, defined by an elongated shroud structure 18, 
formed integrally with the first and second cable portions 14, 16. The first cable portion 14 
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terminates in a first cable end 20 comprising first power leads or lines 22, 24 for connection to an 
AC power source and first sensor leads or lines 26, 28 for connection to a process controller 64. 
The second cable portion 16 terminates in a second cable end 30 formed by a connector 32 for 
, connection to the sensor 12, the connector including at least one second sensor line' and also 
5 including second power lines for supplying- DC power to the sensor 12, as will be described 
further below. 

Referring additionally to Fig. 2, the interface cable 10 of the present invention is 
illustrated in use on a process machine 34 incorporating the sensor 12 for sensing the presence or 
absence of articles 36 passing through the machine 34. The machine 34 is configured to provide 

10 , an AC source 38 of power, the AC source 38 being located in close proximity to the desired 
sensor location. Further, a conduit structure 40, i.e., a 1 inch conduit, may be provided for 
guiding and containing the sensor power lines and sensor output lines. Depending on the 
particular application of the machine 34, such as the particular characteristics of the article 36 to . 
be conveyed through the machine 34, a user may specify a DC sensor rather than an AC sensor 

15 in order to control the machine 34 with a sensor having optimum characteristics for the particular 
process application. The interface cable 10 provides a means for readily connecting a DC sensor 
in a machine 34 configured for AC sensor, applications, including converting the supply power 
from AC to DC and converting a DC sensor output to an AC compatible switching output 
without requiring restructuring of the machine 34 or mounting of additional conversion 

20 equipment. Further, the interface cable 10 is sized to fit into the conventional cable conduit 40 
provided on the machine 34. Accordingly, the implementation of a DC sensor 12 with the 
associated interface cable 10 is substantially similar to an installation incorporating an AC 
sensor. 

■ Referring to Fig. 3, an electrical schematic is shown illustrating a power convenor 42 and 
25 a sensor interface 44 which are enveloped in the shroud structure 18. The power converter 42 
generally comprises a switching power supply including a full wave rectifier 46 for converting an 
AC power input provided on lines 22 and 24 to a DC output at leads or lines 48 and 50. Section 
52 of the power converter 42 uses pulse width modulated (PWM) control and comprises an 
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integrated circuit switcher 54 which operates with a transformer 56 to provide an output of 
approximately 18 VDC at leads or lines 58, 60 for powering the sensor 12. One example of an 
integrated circuit switcher. 54 that can be used in the present invention is an LNK 501 
LinkS witch sold by Power Integrations, Inc. of San Jose, California. The power convertor 42 is 
5 capable of operating with input voltages ranging from about 85 VAC to 265 VAC while 
providing a substantially constant DC output of 15-19 VDC on the lines 58, 60. 

The sensor interface 44 comprises an optoisolator triac 62, such as an MOC 3063-M 
produced by Motorola of Phoenix, Arizona. The optoisolator triac 62 provides a switching 
output across lines 26 and 28 whereby the process controller 64 (Fig. 2) connected to the lines 

10 26, 28 may detect the switching condition of the optoisolator triac 62 corresponding to a sensor 
output received on a second sensor lead or line 66. For example, the switching condition of the 
optoisolator triac 62 may be determined by applying a current-limited AC voltage source (load) 
across the lines 26, 28 and the process controller 64 detecting the presence or absence of current 
as an indication of the condition of the switch at the sensor interface 44. The sensor signal 

1 5 provided on the sensor line 66 may be in the form of either a current sourcing output or a current 
sinking output to trigger the Optoisolator triac 62. The sensor line 66 branches to a sourcing line 
70 connected to a first pin 72 of the optoisolator triac 62, and a sinking line 74 connected to a 
second pin 76 of the optoisolator triac 62. Each of the sourcing line 70 and sinking line 74 are 
provided with a voltage of approximately 9 VDC biasing voltage via power line 78 from the 

20 output line 58 of the power convertor 42 and respective 2K resistors 80, 82. 

When the output of the sensor 12 comprises a current sourcing output on the sensor line 
66, current flows through a diode 84 in the sourcing line 70 to the first pin 72. The second pin 76 
provides a connection via a 2K resistor 86 so that current flow is generated through a photodiode 
(not shown) in the optoisolator triac 62 between pins 72, 76 to change the switching condition 

25 across the first sensor lines 26, 28. 

When the output of the sensor 12 comprises a current sinking output on the line 66, a 
connection from the voltage of approximately 9 VDC provided at the sourcing line 70 flows 
through the first pin 72 to the second pin 76 and through a diode 88 in the sinking line 74 so that 
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a current flows to the sinking output to thereby activate the photodiode (not shown) in the 
optoisolator triac 62 to change the switching condition, i.e., closes a connection, across the first 
sensor lines 26, 28. ' 

The particular components required to form the circuits for the power convertor 42 and 
5 sensor interface 44 will be readily apparent to one skilled. in the art. Additional information 

regarding components for forming these circuits may also be obtained from product data sheets 
available from the product manufacturers and suppliers for the integrated circuit switcher 54 and 
optoisolator triac 62. 

Referring to Fig. 4, the power convertor 42 and sensor interface 44 are provided on a 

10 printed circuit board 90. The printed circuit board 90 is configured as an elongated structure 
having a width dimension x which is substantially smaller than its length dimension y. In the 
illustrated embodiment, the x dimension is approximately 0.670 inches and the y dimension is 
approximately 3.4 inches, such that the length of the circuit board 90 is approximately 5. 1 times 
as long as its width. The circuit board 90 has opposing longitudinal edges 92, 94 defining a 

15. connection area for attachment and electrical connection of the ends of the first and second cable 
portions 14, 16 to the circuit board 90. Specifically, the AC power lines 22, 24 and first sensor 
lines 26, 28 connect to the printed circuit board 90 at the edge 92, and the DC output lines 58, 60 
and the sensor line 66 connect to the circuit board 90 at the edge 94. . 

The circuit board 90 is encased in a potting material 96, such as an epoxy material. In the 

20 illustrated embodiment, the potting material 96 is molded around the circuit board 90 in an 

elongated cylindrical shape having a diameter of approximately 0.75 inches. Also, the potting 
material 96 is formed with a length which is less than the length of the circuit board 90 such that 
approximately 0.15 inches of each longitudinal edge 92, 94 of the circuit board 90 is exposed 
adjacent the ends 98, 100 of the potting material 96. Further, the circuit board 90, potting 

25 material 96 and associated ends of the first and second cable portions 14, 1.6 are covered with an 
overmold material 102 which is preferably formed of polyvinyl chloride (PVC). The overmold 
material 102 is molded around the cylindrical exterior of the potting material 96 and defines 
tapered end portions 104, 106 which taper in opposing longitudinal directions over the first and 
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second cable portions 14, 16. The taper portions 104, 106 provide a smooth transition between 
the shroud portion 18 and the first and second cable portions 14, 16 which facilitates passage of 
the interface cable through passageways during placement or installation on a machine, such as 
when being installed in the conduit 40 on the process machine 34. It may be noted that the first 
5 cable portion 14 comprises 18 AWG cable, the cable portion 14 having a diameter of 

approximately 0.28 inches, and the second cable portion 16 comprises 22 AWG cable, the cable 
portion 16 having a diameter of approximately 0.2 inches. The overmold material 102 forms a 
moisture resistant covering around the circuit board 90, including the connections between the 
longitudinal edges 92, 94 and the ends of the first and second cable portions 14, 16, such that the 

10 shroud structure 18 and cable portions 14, 16 comprise an integral moisture proof structure. 

The overall length of the shroud structure 18, including the tapered end portions 104, 106, 
is approximately 6 inches, and the diameter of the shroud structure 18 is approximately 0.950 
inches. Thus, the interface cable 10 described herein is adapted to fit within a conventional 1 
inch cable conduit and therefore may be readily incorporated into the cable conduits for existing, 

15 process machines. 

From the above description, it should be apparent that the interface cable 10 of the 
present application addresses all of the electrical interface requirements, i.e., power conversion 
and sensor output interfacing, associated with implementing a DC sensor in an application, such 
as a process machine installation, originally configured for an AC sensor. Further, the shroud 

20 portion 18 and first and second cable portions 14, 16 form an integral structure which is effective, 
for isolating the electrical components and connections associated with the power convertor 42 
and the sensor interface 44 from water/moisture and dust or other contaminants for ensuring 
protection and continued operation of these electrical components . 

While the form of apparatus herein described constitutes a preferred embodiment of this 

25 invention, it is to be understood that the invention is not limited to this precise form of apparatus, 
and that changes may be made therein without departing from the scope of the invention which is 
defined in the appended claims. 
What is claimed is: 



7 



